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© SERIAL CONTROLLER. 
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A serial control apparatus in which nodes to 
which are connected one or more sensors and one 
or more actuators are connected in series in the 
form of a closed loop including a main controller 
which sends data frame signals including a first 
special code, a second special code and output data 
for said actuators. Each of said nodes adds the data 
received from its associated sensor to the end of the 
first special code and picks up the output data for its 
associated actuator from the end of said second 
special code. The main controller controls the inter- 
val for sending the data frame signals depending 
upon the number of sensors and the number of 
actuators detected based on the initial frame signal 
that includes the first special code, the second spe- 
cial code and data for detecting the number of 
actuators, in order to improve the transmission effi- 
ciency and to carry out the control in real time. 
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Technical Field: 

The present invention generally relates to serial 
controllers which can be suitable used for a cen- 
tralized control system of such various types of 
machines as presses, machine tools, construction 
machines, ships or airplanes and for a centralized 
control system of unmanned or automatic trans- 
portation machines or unmanned storehouses, and 
particularly, to a serial controller in which a main 
controller and a plurality of nodes are connected in 
series in the form of a closed loop and each of the 
nodes is connected with one or a plurality of sen- 
sors for outputting data and also with one or a 
plurality of actuators for inputting data. 

Background Art: 

When it is desired to centralizedly control 
presses, machine tools, construction machines, 
ships, airplanes, unmanned transportation ma- 
chines or unmanned storehouses, a multiplicity of 
sensors for detecting states of the respective ma- 
chines and a multiplicity of actuators for controlling 
the states of the respective machines are required. 
In the case where such a controller is applied to 
presses, for example, the number of such sensors 
and actuators amounts to more than 3000; and in 
the case of other machines, the number becomes 

larger than 3000. 

There has been proposed a centralized control 
system for centralizedly controlling such sorts of 
machines, in which a plurality of nodes are con- 
nected in series and one or a plurality of sensors 
and one or a plurality of actuators are connected to 
each of the nodes and are also connected to a 
main controller in the form of a ring so that a signal 
issued from the main controller causes the respec- 
tive nodes to be controlled. 

In the case where the nodes are arranged to 
be connected in series in this way, how to secure 
the simultaneousness of outputs of the respective 
sensors and the simultaneousness of outputs of the 
respective actuators become important. For exam- 
ple, when such an arrangement is employed that 
addresses are allocated to the respective nodes to 
control the nodes on the basis of the addresses, a 
time delay caused by this address processing be- 
comes a problem and it becomes impossible to 
secure the satisfactory simultaneousness of collec- 
tion of outputs of the sensors and of the control of 

the actuators. 

To avoid this, the inventors of the present 
application have proposed a serial controller in 
which nodes are connected in series, no addresses 
are allocated to the respective nodes and instead 
the nodes are identified by their connection order, 
whereby the need for the address processing can 



be eliminated, the problem of the time delay caus- 
ed by the address processing can be solved, and 
the configuration of the nodes can be remarkably 
simplified. 

5 Such a serial controller is arranged as shown in 

Fig. 1. In the drawing, a main controller 100 per- 
forms general control over respective machines to 
be managed, groups of sensors 1-1, 1-2,..., and 1- 
N are connected to the respective machines to 
w detect the states of the machines, and groups of 

actuators 2-1 , 2-2 and 2-N controllably drive the 

respective machines. In its arrangement, the sensor 
groups 1-1 to 1-N and the actuator groups 2-1 to 2- 
N are connected to nodes 10-1 to 10-N respec- 
75 tively, and the nodes 10-1 to 10-N are connected in 
series with the main controller 100 to form a loop 
including the main controller. 

In the operation of the system, signals indica- 
tive of the states of the machines issued from the 
20 respective sensors 1-1, 1-2,..., and 1-N are sent 
through the nodes 10-1, 10-2,..., and 10-N to the 
main controller 100 to collect and process the 
received signals at the main controller; whereas 
signals for driving of the respective actuators 2-1 , 
25 2-2,..., and 2-N are generated at the main controller 
100 and then sent to the respective actuators 2-1, 

2-2 and 2-N to drive the actuators 2-1, 2-2 2- 

N. 

Fig. 2 shows the frame structure of a data 
30 frame signal used in the system when the number 
N of nodes is 5. The data frame signal is issued 
from the main controller 100, passed through the 
nodes 10-1, 10- 2,..., and 10-N and then returned 
back to the main controller 100. Part (a) of Fig. 2 
35 shows the data frame signal immediately after is- 
sued from the main controller 100. Parts (b), (c), (d) 
and (e) of Fig, 2 show the data frame signals after 
issued from the nodes 10-1, 10-2, 10-3 and 10-4 
respectively, and Part (f) of Fig. 2 shows the data 
40 frame signal (to be fed back to the main controller 
100 when N = 5) after issued from the node 10-5. 

The contents of the respective signals having 
the frame structures of Fig. 2 are as follows. 

STI; First start code indicative of the head- 
45 ing position of input data (sensor data) 

Dl 

Dl; Input data 

Dlq; Input data from a sensor connected to 
the q-th node 

so STO; Second start code indicative of the 

heading position of output data 
(actuator drive data) 
DO; Output data (actuator drive data) 
DOq; Output data to the actuator connected 
55 to the q-th node 

SP; Stop code indicative of the terminating 

end position of a data string 
CRC; Code (indicative of error contents) for 
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CRC error check at the respective 
nodes 

ERR; Code indicative of error content and 
position 

The respective nodes 10-1 to 10-N shown in 
Fig. 1 operate to add the detection data Dl of the 
sensors 1 connected to the node to between the 
start codes STI and STO and to remove the output 
data DO to the actuators 2 connected to the asso- 
ciated nodes from the output data immediately 
after the start codes STO respectively, as shown in 
Parts (b) to (f) of Fig. 2. 

Accordingly, in this system, when such a data 
frame signal containing the actuator control data 
DO as shown in Part (a) of Fig. 2 is sent from the 
main controller 100 to the node 10-1, the data 
frame signal is sequentially propagated from the 
node 10-1 via the nodes 10-2, 10-3, 10-4 and to 
the node 10-5, which results in that the actuator 
control data DO in the data frame signal are al- 
located to the corresponding nodes and at the 
same time the detection data of the sensor group 
obtained at the respective nodes are taken into the 
data frame signal. As a result, when the data frame 
signal is fed back to the main controller 100, no 
actuator control data DO are contained in the frame 
signal and only the detection data of the sensor 
group are contained in the frame signal as shown 
in Part (f) of Fig. 2. 

With the above arrangement, conventionally, 
the send period (which is a time from the send 
start time of one data frame signal to the send start 
time of the next data frame signal, which will be 
referred to as the "sampling time", hereinafter) of 
the data frame signal is set to be always constant 
in any system regardless of the scale of the sys- 
tem, that is, regardless of the number of sensors 
and the number of actuators in the system. And the 
constant sampling time is usually set to be suitable 
for a system having the maximum sensor number 
and the maximum actuator number. For this rea- 
son, the prior art system has had a problem that a 
system having a less number of sensors and a less 
number of actuators provides a longer interval time 
between one data frame signal and the next one 
with a lower data transmission efficiency and with 
deteriorated real time controllability. Further, the 
prior art system has been disadvantageous in that, 
since the output data length of the data frame 
signal is set according to one of the systems 
having the maximum actuator number independent- 
ly of the scale of the system, a system having a 
less number of actuators provides a lower data 
transmission efficiency with deteriorated real-time 
controllability. 

Wilh the above system, when the system is 
started by turning ON its power supply, the main 
controller 100 generates such an initial frame signal 
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as shown in Fig. 3 and sends it to the nodes to 
detect an input point number (the number of all bits 
for the sensor groups 1- 1 to 1-N) and an output 
point number (the number of all bits for the ac- 

5 tuator groups 2-1 to 2-N). Like the data frame 
signal shown in Fig. 2, the initial frame signal 
comprises a first start code STI, a second start 
code STO, output point number detection data DO\ 
a stop code SP, a CRC code and an ERR code. In 

10 this connection, the output point number detection 
data DO' consists of "0s" of A bits to prevent the 
operation of the actuators at each node, where 
symbol A is set to be a number larger than the 
number B of all actuators used in this system. 

75 Like the data frame signal already explained 

earlier, the initial frame signal is sequentially propa- 
gated to the nodes 10-1, 10-2, 10-3, 10-4 and 10- 
5, through which the output point number detection 
data DO' in the initial frame signal is allocated to 

20 the corresponding node and detection data of the 
sensor group obtained at the respective nodes are 
included into the initial frame signal. More specifi- 
cally, at each of the respective nodes 10-1, 10-2 

and 10-N, the data Dl of associated one of the 

25 sensor groups 1-1, 1-2 and 1-N connected to 

the associated node is attached to the end of the 
first start code STI of the received initial frame 
signal, and data on associated one of the actuator 
groups 2-1, 2-2,..., and 2-N connected to the asso- 

30 ciated node is extracted from the output point 
number detection data DO' following the second 
start code STO. 

Then, the initial frame signal, which is passed 
through the nodes 10-1, 10-2,..., and 10-(N-1) and 

35 issued from the node 10-N, is sent to the main 
controller 100 in the form of a signal having such a 
structure as shown in Fig. 4. 

The main controller 100 counts the number E 
of bits in the data Dl following the first start code 

40 SRI of the received initial frame signal, finds an 
input point number on the basis of its count result, 
counts the number C of bits in the data DO follow- 
ing the second start code STO of the received 
initial frame signal, subtracts the count value C 

45 from the bit number A of the output point number 
detection data DO' of the initial frame signal of Fig. 
3 when issued, and finds an output point number 
from its subtraction result B (= A - C). And the 
main controller 100 determines the length of the 

so actuator driving data DO in the usual data frame 
signal of Fig. 2 on the basis of the calculated 
output point number B. 

That is, in this system, when the data A larger 
than the anticipated output point number B is out- 

55 put, the data A, as passed through the nodes, is 
removed by a number corresponding to the output 
point number B and thus data C (= A - B) is sent 
to the main controller 100. As a result, thereafter, 

3 
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the output point number B can be found by sub- 
tracting the count-down result C from the value A 
as a minuend (A - C). 

Meanwhile, in the prior art system, for the 
subtraction processing of finding the above output 
point number B, a usual full adder circuit compris- 
ing a general purpose LSI which performs the 
adding operation based on a principle that Vs 
complement on a subtrahend is added to a minu- 
end has been employed. In this system, in spite of 
the fact that even the full adder circuit itself is large 
in circuit scale, the number of circuits has been 
extremely large, because the input/output point 
numbers usually amount to thousands of bits. 

In the aforementioned system, further, the main 
controller 100 issues the data frame signal of Fig. 2 
with a predetermined sampling period as shown in 
Fig. 5 (b), the respective nodes sequentially judge 
whether or not a predetermined time (which will be 
referred to as the broken-line detection time, 
hereinafter) has elapsed from the reception of the 
previous frame signal and when detecting the pas- 
sage of the broken-line detection time, detect the 
generation of a broken line. More specifically, when 
a line between the nodes 10-2 and 10-3 is broken 
as shown in Fig. 5(a), the node 10-3, even when 
the broken-line detection time elapses after the 
reception of the previous data frame signal, fails to 
receive the next data frame signal and thus can 
detect a generation of the broken line. In the prior 
art system, the above broken-line detection time is 
set by means of hardware such as dip switches 
respectively depending on the scale and response 
property of the serial controller. 

Though the above broken-line detection time is 
determined by the scale and response property of 
the system as mentioned above, it is required to be 
determined basically by the sampling period of the 
data frame signal. In other words, when the system 
of Fig. 5(a) is employed for example, the sampling 
period becomes small because the node number is 
as small as 3, which results in that it is necessary 
to also set the broken-line detection time to be 
short. This is because the setting of a large broken- 
line detection time for a small sampling period 
causes the system to be put in an uncontrollable 
state caused by the broken line for a long time, 
whereby the safety of the system is deteriorated. 

On the contrary, when the number of nodes is 
large, the sampling period becomes large and thus 
the broken-line detection time also must be set to 
be correspondingly large. In other words, when a 
small broken-tine detection time is set for a long 
sampling period, only a failure in the reception of 
the data frame signal corresponding to one frame 
due to a simple communication error undesirably 
results in the system erroneously detect it as the 
generation of a broken line. 
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With the prior art system, further, since the 
broken-line detection time is set on a hardware 
basis as mentioned above, not only its setting is 
troublesome but also a setting error might cause a 
trouble. 

In view of such circumstances, it is an object of 
the present invention to provide a serial controller 
which can realize data transmission with a good 
transmission efficiency at all times regardless of 
the scale of the system. 

Another object of the present invention is to 
provide a controller which can effect a predeter- 
mined binary subtraction with a less number of 
circuits. 

A further object of the present invention is to 
provide a controller which can automatically set a 
broken-line detection time optimum according to 
the period of a frame signal easily while preventing 
generation of any troubles. 

Disclosure of Invention: 
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In a first invention, there is provided a serial 
controller in which one or a plurality of sensors and 
one or a plurality of actuators are connected to 
each of a plurality of nodes connected in series, 
the plurality of nodes are connected to a main 
controller in the form of a closed loop including the 
main controller, the main controller sends a data 
frame signal containing a first special code, a sec- 
ond special code and output data to the actuators, 
each of the nodes adds data from the sensors 
connected to the associated node to behind the 
first special code, and output data to the actuators 
connected to the associated node is extracted from 
behind the second special code; the main control- 
ler is characterized by comprising transmission 
means, before transmitting the data frame signal, 
for transmitting an initial frame signal containing the 
first special code, the second special code and 
data for detection of the number of the actu- 
ators;terminal bit number detection means for de- 
tecting a total bit number of the sensors and a total 
bit number of the actuators on the basis of the 
initial frame signal received through the plurality of 
nodes; and control means for variably controlling a 
transmission interval of the data frame signal ac- 
cording to a detection value of the terminal bit 
number detection means. 

With the arrangement of the first invention, the 
main controller, prior to transmission of the data 
frame signal, issues the initial frame signal contain- 
ing the first and second special codes and the 
signal for detection of the actuator number. Each of 
the nodes, when receiving the initial frame signal, 
inserts a data signal from the sensors connected to 
the associated node into between the first and 
second special codes, and extracts the data signal 



4 
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to the actuators connected to the associated node 
from behind the second special code. The main 
controller receives the initial frame signal passed 
through all the nodes in this way and detects the 
total sensor number on the basis of the data num- 
ber of the signal following the first special code. 
The main controller also detects the total actuator 
number on the basis of the data number of the 
signal following the second special code. The main 
controller variably controls the transmission interval 
of the data frame signal according to the detected 
sensor number and the actuator number. In other 
words, the main controller shortens the transmis- 
sion interval when the sensor number and the 
actuator number are small and lengthens the trans- 
mission interval when the sensor number and the 
actuator number are large. With the first arrange- 
ment, in this way, the transmission period of the 
data frame signal is variably controlled according to 
the terminal number of the system, so that it can 
be avoided that the smaller the number of termi- 
nals is the lower the transmission efficiency is, 
whereby real time control can be realized even for 
a small system. 

In a second invention, there is provided a serial 
controller in which one or a plurality of sensors and 
one or a plurality of actuators are connected to 
each of a plurality of nodes connected in series, 
the plurality of nodes are connected to a main 
controller in the form of a closed loop including the 
main controller, the main controller sends a data 
frame signal containing a first special code, a sec- 
ond special code and output data to the actuators, 
each of the nodes adds data from the sensors 
connected to the associated node to behind the 
first special code, and output data to the actuators 
connected to the associated node is extracted from 
behind the second special code; main controller 
being characterized by comprising transmission 
means, before transmitting the data frame signal, 
for transmitting an initial frame signal containing the 
first special code, the second special code and 
data for detection of the number of the actu- 
ators;terminal bit number detection means for de- 
tecting a total bit number of the sensors and a total 
bit number of the actuators on the basis of the 
initial frame signal received through the plurality of 
nodes; and means for determining a data length of 
the output data to the actuators in the data frame 
signal on the basis of the total bit number of the 
actuators detected by the terminal bit number de- 
tection means. 

In the second invention, since the data length 
of the output data in the data frame signal is 
determined by the total bit number of actuators 
actually detected with use of the initial frame sig- 
nal, the transmission efficiency can be prevented 
from being reduced and thus real time control can 
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be realized even for a small system. 

In a third invention, there is provided a subtrac- 
tion device for receiving a value A, counting down 
the value A by an unknown B (B < A) to obtain a 

5 countdown result C (= A - B) and then performing 
subtracting operation of the value A as a minuend 
and the count-down result C as a subtrahend to 
find the unknown B; the subtraction device being 
characterized by comprising setting means for set- 

io ting bits of the minuend A to be all "1 " in logical 
value and complement calculating means for set- 
ting the number of bits in the subtrahend C to be 
equal to the bit number of the value A, for finding 
1's complement on the subtrahend C and for out- 

75 putting an obtained complement value as a sub- 
traction result (A - C) for finding the unknown B. 

With the arrangement of the third invention, 
based on the fact that the minuend A can be set to 
be a value larger than the unknown B, the bits of 

20 the minuend A are set to be all "1" in logical value. 
Such setting enables the subtraction result of the 
value C of the subtraction result (A - B) as sub- 
trahend and the value A as a minuend to be 
obtained as 1's complement on the subtrahend C. 

25 Accordingly, with the arrangement of the third in- 
vention, the specific binary subtraction can be car- 
ried out only by mainly finding the complement 
and thus the circuit scale can be remarkably re- 
duced when compared with the case using the 

30 conventional full adder circuit. 

In a fourth invention, there is provided, in a 
data deletion system for deleting B (B < A) of data 
from A of input data and outputting C (= A - B) of 
data, a deletion number detection device for finding 

35 the value B on the basis of the input data number 
A and the output data number C, the deletion 
number detection device being characterized by 
comprising output data number setting means for 
setting bits of the output data number A to be all 

40 "1" in logical value, and a down counter, which has 
the same number of bits as the value A and which 
bits are set to be all "1" in logical value in its initial 
state, for counting down the initial value by the 
input data number C to find the value B. 

45 With the arrangement of the fourth invention, 

the bits of the output data number A to the data 
deletion system are set all "V, the down counter 
having the same bit number as the value A, before 
starting its operation, is initialized so that the bits of 

50 the counter are set to be all "1" and then counts 
down directly the input data number C from the 
initial value A to find the unknown B. That is, 
through the down counter, the input data number C 
is directly counted down from the output data num- 

55 ber A to find the unknown B, whereby the above 
calculation can be attained without using any sub- 
tracters; while, since the bits of the initial value A 
are set in the down counter to be all "1", only the 

5 
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setting operation of the down counter enables its 
initialization. 

In a fifth invention, there is provided, in a data 
deletion system for deleting B (B < A) of data from 
A of inpul data and outputting C (= A - B) of data, 
a deletion number detection device for finding the 
value B on the basis of the input data number A 
and the output data number C; the deletion number 
detection device being characterized by comprising 
output data number setting means for setting bits 
of the output data number A to be all "1" in logical 
value and a down counter, which has the same 
number of bits as the value A and which bits are 
set to be all "0 M in logical value in its initial state, 
for counting down the initial value by a number 
corresponding to the input data number C plus 1 to 

find the value B. 

With the arrangement of the fifth invention, the 
down counter is initialized to be all "0" only by first 
resetting the down counter, and thereafter counts 
down a number (C + 1) corresponding to the input 
number value C plus 1 from the initial set value to 
find the unknown B. That is, since a value counted 
down by 1 from the initial set value of all "0" 
becomes all "1", the down count value becomes 
the same as when the input number value C in this 
arrangement is counted down from the output data 

number A of all 

In this way, with the arrangements of the fourth 
and fifth inventions, since the down counter directly 
counts down the value C from the value A to find 
the unknown B, the above calculation can be car- 
ried out without using any subtracters. Further, 
since the initial value is set in the down counter to 
be all "1" or all "0", the need of an arrangement 
for loading the initial value can be eliminated and 
its initialization can be carried out only by setting 
or resetting the down counter, whereby the circuit 
scale can be remarkably reduced when compared 
with the prior art. 

In a sixth invention, there is provided a serial 
controller in which a plurality of nodes and a main 
controller are connected in series through a signal 
line to transmit a predetermined data frame signal 
from the main controller through the signal line to 
the plurality of nodes at a predetermined period in 
one direction, and each of the plurality of nodes 
detects a broken line in the signal line upstream 
the associated node when failing to receive the 
data frame signal for a predetermined broken-line 
detection time or more; each of the node being 
characterized by comprising measurement means 
for measuring a reception interval of the data frame 
signal and broken-line detection time setting means 
for variably setting the broken-line detection time 
on the basis of a measured result of said measure- 
ment means. 

With the arrangement of the sixth invention.the 



data frame signal is transmitted at a constant pe- 
riod from the main controller to the respective 
nodes. Each of the nodes measures a reception 
interval from the reception of the previous data 
5 frame signal to the reception of the next data frame 
signal and variably and automatically set the opti- 
mum broken-line detection time on the basis of the 
measured reception interval. 

In a seventh invention, there is provided a 
to serial controller in which a plurality of nodes and a 
main controller are connected in series through a 
signal line to transmit a predetermined data frame 
signal from the main controller through the signal 
line to the plurality of nodes at a predetermined 
75 period in one direction, and each of the plurality of 
nodes detects a broken line in the signal line 
upstream the associated node when failing to re- 
ceive the data frame signal for a predetermined 
broken-line detection time or more, each of the 
20 nodes being characterized by comprising measure- 
ment means for measuring a reception interval of 
the data frame signal, selection means for receiving 
consecutively a plurality of measured values of 
said measurement means and for selecting one of 
25 the plurality of measured values which is most 
frequently measured or when the plurality of mea- 
sured values are all identical, for selecting the 
identical measured value, comparison means for 
comparing the previous-time selected result of the 
30 selection means with the this- time selected result 
and for selecting smaller one of the both results, 
and broken-line detection time setting means for 
variably setting the broken-line detection time on 
the basis of a comparison output of the comparison 

35 means. 

That is, with the arrangement of the seventh 
invention, even when concentrated missing of the 
data frame signals causes a time larger than the 
correct period to be selected, the broken-line de- 

40 tection time can be set according to the previously 
selected correct period of the data frame signals. 

In this way, with the arrangements of the sixth 
and seventh inventions, since the reception interval 
of the frame signals are measured and the broken- 

45 line detection time is variably set on the basis of 
the measured interval result, the broken-line detec- 
tion time optimum for the actual system can be 
sequentially and automatically obtained. As a re- 
sult, the troublesome setting and troubles caused 

50 by a setting error, which would often involved in 
the prior art case where the broken-line detection 
time is set on a hardware basis, can be eliminated 
in the present invention. Accordingly, the reliability 
and safety of the system are remarkably improved. 

55 

Brief Descri ption of the Drawings: 

Fig. 1 is a block diagram of a general arrange- 
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ment of a serial controller in accordance with the 
present invention; 

Fig. 2 is a diagram for explaining the propaga- 
tion state of a data frame signal; 
Figs. 3 and 4 show initial frame signals respec- 
tively; 

Fig. 5(a) schematically shows a block diagram 
of an arrangement of a serial controller to which 
the present invention is applied; 
Fig. 5(b) conceptionally shows a frame structure 
of the frame signal; 

Fig. 6 is a block diagram of an embodiment of 
the present invention; 

Fig. 7 is a diagram for explaining a sampling 
period; 

Fig. 8 is a block diagram of another embodiment 
of the present invention; 
Fig. 9 is an example of an inversion circuit; 
Fig. 10 is a block diagram of a further embodi- 
ment of the present invention; 
Fig. 11 is an example of a down-counter circuit; 
Fig. 12 is a timing chart for explaining the op- 
eration of the down counter in Fig. 1 1 ; 
Fig. 13 is another example of the down counter 
circuit; 

Fig. 14 is a timing chart for explaining the op- 
eration of the down counter of Fig. 1 3; 
Fig. 15 is a block diagram of still another em- 
bodiment of the present invention; 
Fig. 16 is a timing chart of the frame signal 
when the frame signal is applied regularly to the 
embodiment of Fig. 15 at intervals of a constant 
period; 

Fig. 17 is a timing chart of the frame signals 
when subjected to one frame signal missing; 
Fig. 18 a timing chart of the frame signals when 
missing of frame signals frequently takes place 
concentratedly, and 

Fig. 19 is a block diagram of an exemplary 
modification of the embodiment of Fig. 15. 

Best Mode for Carrying Out the Invention: 

An embodiment of the present invention will be 
detailed with reference to the accompanying draw- 
ings. 

Fig. 6 schematically shows an interior structure 
of a main controller 100 in a serial controller of Fig. 
1. 

In Fig. 6, a normal transmission/reception cir- 
cuit 20 executes usual operations including control 

of groups of sensors 1-1, 1-2 and 1-N as well as 

groups of actuators 2-1, 2-2,..., and 2-N. In more 
detail, the normal transmission/reception circuit 20 
generates the aforementioned data frame signal 
(refer to Fig. 2(a)) containing the data DO for con- 
trol of the actuator groups 2-1, 2-2,..., and 2-N 
connected to the respective nodes, and sequen- 
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tially sends data frame signal through a switch 
SW1 set in its contact position B-A to the nodes 
10-1, 10-2,..., and 10-N. The normal 
transmission/reception circuit 20 does not form the 
5 subject matter or gist of the present invention and 
thus the additional detailed explanation thereof is 
omitted. 

When the system is started by turning ON a 
power source, a power source turn-on detecting 

io circuit 30 detects the start of the system, and 
operates an initial frame forming circuit 40 on the 
basis of the detection to cause the switch SW1 to 
be switched to its contact position A-C. 

The initial frame forming circuit 40, when re- 

15 ceiving the detection signal from the power source 
turn-on detecting circuit 30, generates such an 
initial frame signal as shown in Fig. 3 and sends it 
to the switch SW1 set in the contact position A-C. 
Like the data frame signal shown in Fig. 2, the 

20 initial frame signal comprises a first start code STI, 
a second start code STO, output point number 
detection data DO 1 , a stop code SP, a CRC code 
and an ERR code. However, the output point num- 
ber detection data DO' consists of n 0s w of A bits to 

25 prevent the operation of the actuators at each 
node, where symbol A is set to be a number 
sufficiently larger than the number of all actuators 
used in this system. The error code ERR is pro- 
vided to output a predetermined error code at the 

30 associated node when the node detects an error, 
and the main controller 100 generates the error 
code ERR of all "0" level. 

Like the data frame signal already explained 
earlier, the initial frame signal is sequentially propa- 

35 gated to the nodes 10-1, 10-2, 10-3, 10-4 and 10- 
5, through which the output point number detection 
data DO* in the initial frame signal is allocated to 
the corresponding node and detection data of the 
sensor group obtained at the respective nodes are 

40 included into the initial frame signal. More specifi- 
cally, at each of the respective nodes 10-1, 10-2,..., 
and 10-N, the data Dl of associated one of the 
sensor groups 1-1, 1-2,..., and 1-N connected to 
the associated node is attached to the end of the 

45 first start code STI of the received initial frame 
signal, and data on associated one of the actuator 
groups 2-1, 2-2,..., and 2-N connected to the asso- 
ciated node is extracted from the output point 
number detection data DO* following the second 

so start code STO. 

Then, the initial frame signal, which is passed 
through the nodes 10-1, 10-2,..., and 10-(N-1) and 
issued from the node 10-N, is sent to an input 
circuit 50 of the main controller 100 in the form of a 

55 signal having such a structure as shown in Fig. 4. 

The input circuit 50 performs its predetermined 
decoding operation over the received initial frame 
signal and then applies it to a switch SW2. 

7 
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When the initial frame signal is input to the 
reception side of the main controller 100, the 
switch SW2 is already switched to its position (A-C) 
so that the received initial frame signal is sent to an 
input point number detecting unit 60 and to an 
output point number detecting unit 70. 

The input point number detecting unit 60 
counts the bit number E of the data Dl following 
the first start code in the received initial frame 
signal and applies the count result E to a sampling 
time generating circuit 80. The count value E in- 
dicates the number of all sensors connected to the 
nodes 10-1 to 10-N. 

The output point number detecting unit 60 
counts the bit number C of the data DO following 
the second start code STO in the received initial 
frame signal, subtracts the count value C from the 
bit number A of the output point number detection 
data DO' when the initial frame signal of Fig. 3 is 
sent, and applies its subtraction result LO (= A - 
C) to the normal transmission/reception circuit 20 
and the sampling time generating circuit 80. The 
count value LO indicates the number of all ac- 
tuators connected to the nodes 10-1 to 10-N. 

The normal transmission/reception circuit 20 
determines the length of the actuator drive data DO 
in the usual data frame signal of Fig. 2 on the basis 
of the received output point number LO. 

The sampling time generating circuit 80, on the 
basis of the received input point number E, deter- 
mines the transmission period T (sampling time) of 
the usual data frame signal to be sent from the 
normal transmission/reception circuit 20 (refer to 
Fig. 7), and controls the data transmission of the 
normal transmission/reception circuit 20 so that 
data frame signal is transmitted with the deter- 
mined sampling time T. A predetermined relation- 
ship equation for decreasing an interval time t 
between one data frame signal and the next data 
frame signal with respect to the decreased re- 
ceived input point number E is previously set in the 
sampling time generating circuit 80, so that the 
sampling time generating circuit 80 finds the inter- 
val time t corresponding to the received input point 
number E. The sampling time generating circuit 80, 
which also receives the output point number LO, 
determines the length L of the data frame signal to 
be transmitted on the basis of the received output 
point number LO, adds the found interval time t to 
the signal length L, and determines (t + L) as the 

sampling time T. 

And the sampling time generating circuit 80, 
when it is desired to transmit the data frame signal 
from the normal transmission/reception circuit 20, 
sends a clock signal Cs to the normal 
transmission/reception circuit 20 in synchronism 
with the above found sampling period T to transmit 
the data frame signal with the found sampling 



period T from the normal transmission/reception 
circuit 20. Of course, when the data frame signal is 
transmitted from the normal transmission/reception 
circuit 20, the switches SW1 and SW2 are both 
5 already switched to their position (A-B). 

In this way, with the arrangement of Fig. 6, 
since the transmission period of the data frame 
signal is changed according to the all bit number of 
the sensors in the system, even when this arrange- 
10 ment is employed for such a system as to have 
small input/output point numbers, efficient data 
transmission can be realized and the length of the 
data frame signal can be automatically determined. 
The arrangement of Fig. 6 may be modified suit- 
75 ably in various ways. For example, such an ar- 
rangement may be employed that, during the de- 
tection of the input/output point numbers, only 
when a plurality of detection results coincide with 
each other, the detection data is input as correct 
20 data. Although the interval time t is determined by 
the input point number E in Fig. 6, the interval time 
t may be determined by the output point number 
LO or by the input point number LI and the output 
point number LO. 
25 Shown in Fig. 8 is another arrangement of the 

present invention, which is used, for example, in 
the output point number detecting unit 70 in the 
main controller 100 of Fig. 6. In more detail, the 
output point number detecting unit 70 subtracts the 
30 bit number C of the data DO following the second 
start code STO in the received initial frame signal 
from the bit number A of the output point number 
detection data DO' during transmission of the initial 
frame signal of Fig. 3 to find the output point 
35 number LO; whereas a binary subtraction circuit 
140 of Fig. 8, which comprises a minuend setting 
circuit 120 and an inversion circuit 130, performs a 
binary subtracting operation over the value A as a 
minuend and the value C as a subtrahend. 
40 A count-down part 110, as in the aforemen- 

tioned arrangement for detecting the output point 
number of the system shown in Figs. 1 to 4 and 
Fig. 6, has a function of, when receiving the value 
A, counting down the value A by the value B to 
45 obtain the count-down result C (= A-B) and 
outputting the result C. 

The minuend setting circuit 120, in which the 
value A that is larger than a value anticipated as 
the count-down value B and that has bits of all 
so logical value "1" is previously set, sends the set 
value A to the count-down part 110. For example, 
when 13 (= 1101 in binary notation) is anticipated 
as the value B, 15 (= 1111 in binary notation) or 
more is set as the value A; while, when 4 (~ 0100 
55 in binary notation) is anticipated as the value B, 15 
(= 1111 in binary notation) or more is also set as 
the value A. That is, the value A satisfies a relation 
A > B and is set to have bits of all logical value 
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Accordingly, the count-down part 110 counts 
down the value B from the value A that has bits of 
all logical value "1 " received from the minuend 
setting circuit 120 to detect its count-down result C 
(= A - B), and outputs the same bit number as the 
value A to the inversion circuit 130 of the binary 
subtraction circuit 140. 

The inversion circuit 130, which comprises in- 
verters corresponding in number to the same bit 
number as the output of the minuend setting circuit 
120 as shown in Fig. 9, logically inverts through 
these inverters all the bits of the count-down result 
C ( = A - B) received from the count-down part 110 
and outputs 1's complement on the count-down 
result C as a logical inverted output. 

The logical inverted output of the inversion 
circuit 130 corresponds to the subtraction result B 
of the binary subtraction circuit 140 which performs 
a binary subtracting operation of the set value A of 
the minuend setting circuit 120 as a minuend and 
the count-down result C of the count-down unit 110 
as a subtrahend, which is, a count-down value in 
the count-down unit 110. 

That is, in this case, since all the bits of the 
minuend A are set to be logical value "1" in the 
minuend setting circuit 120, only logical inversion 
of the subtrahend C results in acquisition of the 
subtraction result B corresponding to (A - C). 

For example, if 15 (= 1111 in binary notation) 
is set as the 4-bit minuend A and the subtrahend C 
is 2 (0010 in binary notation), then the logical 
inversion of the subtrahend of 2 results in an an- 
swer of 13 (= 1101 in binary notation). Further, 
when the subtrahend C is 3 ( = 0011 in binary 
notation), the logical inversion of the subtrahend of 
3 results in an answer of 12 (= 1100 in binary 
notation), in this case, since a relation A > C is 
satisfied, the answer B becomes always positive. 

Fig. 10 shows a modification of the arrange- 
ment of Fig. 8, in which a data deletion system 220 
corresponds to that part of the plural nodes 10-1 to 
10-N of the aforementioned arrangement of the 
system of Figs. 1 to 4 and Fig. 6 but with the 
actuator data DO deleted; whereas a data 
input/output unit 230 and a deletion number detect- 
ing circuit 240 correspond to part of the circuits of 
the main controller 100. 

Thus, the data deletion system 220, when re- 
ceiving A of data, deletes B of data (B < A) from A 
of data and outputs C of data ( = A - B). Mean- 
while, on the side of the main controller 100, the 
data input/output unit 230 mainly performs 
input/output control over data and the deletion 
number detecting circuit 240 detects the deletion 
number B to be deleted at the data deletion sys- 
tem 220. 

An output data number setting circuit 250 sets 
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the data length A of the output point number detec- 
tion data DO' in the initial frame signal of Fig. 3 to 
be sent to the data deletion system 220. In the 
illustrated example, the value A, which is larger 

5 than a value anticipated as the deletion number B 
and which has bits of all logical value "1", is 
previously set in the output data number setting 
circuit 250 and is sent to a data output unit 40. For 
example, 13 (= 1101 in binary notation) is antici- 

70 pated as the value B, 15 (= 1111 in binary nota- 
tion) or 31 (= 11111 in binary notation) is set as 
the value A. That is, the value A satisfies the 

relation A > B and is set to have bits of all logical 
it -| n 

15 The data output unit 260 generates the initial 

frame signal containing the output point number 
detection data DO' corresponding in number to the 
received set value A and outputs it to the data 
deletion system 220. The data deletion system 

20 220, as stated above, deletes B of data ( B < A) 
from A of the received data to obtain C ( = A - B) 
of the remaining data and outputs to a data input 
unit 270 such a frame signal containing C of data 
DO as shown in Fig. 4. 

25 The data input unit 270 controls the operation 

of a down counter 280 on the basis of the data 
length C ( = A - B) of the remaining data DO in the 
received frame signal, which will be detailed below. 
The down counter 280 performs its down- 

30 counting operation to count down the data length C 
of the remaining data DO in the received frame 
signal from the data length A of the output point 
number detection data DO* set in the output data 
number setting circuit 250 to find the deletion num- 

35 ber B at the data detection system, that is, detects 
the deletion number B under control of the opera- 
tion of the data input unit 270. The interior structure 
of the down counter 280 is shown in Fig. 11. 

The down counter 280 of Fig. 11, which has 

40 (n + 1) bit outputs X0 to Xn, comprises a down 
count logic unit 85 and (n + 1) flip-flops 9-0 to 9-n. 
The bit number (n + 1) of the down counter 280 is 
equal to the bit number of the value A. 

The down count logic unit 85 has logical cir- 

45 cuits for perform their predetermined logical down- 
counting operations over the respective output bits 
X0 to Xn. Outputs of the flip-flops 9-0 to 9-n are 
fed back to the respective logical circuits. The 
down count logic unit 85 selects the next down- 
so count value when a clock enable signal CKE be- 
comes high (H) and selects the current downcount 
value when the clock enable signal is at low level 
(L). Outputs of the down count logic unit 85 are 
input to the flip-flops 9-0 to 9-n. The flip-flops 9-0 

55 to 9-n are initialized by a set signal SET, and 
thereafter latch the outputs of the down count logic 
unit 85 in synchronism with the period of a clock 
signal CK to sequentially count down the initial set 
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values in synchronism with the period of the clock 
signal CK. That is, the period of the clock signal 
CK corresponds to one data to be counted and the 
down count duration is determined by the clock 
enable signal CKE. For this reason, the down coun- 
ter 280 counts down the initial set value by a 
number corresponding to the clock number of the 
clock signal CK during the high level of the clock 

enable signal CKE. 

With such an arrangement, the data deletion 
system 220 is operated as follows to find the data 
deletion number B. 

(a) Prior to finding of the data deletion number 
B, the initializing signal SET is sent from the 
data input unit 270 to the down counter 280 so 
that the outputs of the flip-flops 9-0 to 9-n of the 
down counter 280 are all initialized to be logical 
value "I". 

(b) Thereafter, the initial frame signal containing 
A of the output point number detection data DO' 
having bits set to be "1" by the output data 
number setting circuit 250 is output from the 
data output unit 260 to the data deletion system 
220 where B of data are deleted to obtain C of 
the remaining data DO. The data input unit 270, 
when receiving the initial frame signal containing 
C of the remaining data DO from the data dele- 
tion system 220, detects the second start code 
STO therefrom as shown in Parts (a) and (b) of 
Fig. 12, raises the clock enable signal CKE to its 
high level as delayed by a time corresponding 
to the length of the stop code SP at the time of 
the detection of the second start code STO, and 
lowers the clock enable signal to its low level at 
the time of detecting the stop code SP. That is, 
the clock enable signal CKE is at high level 
during a time corresponding to the presence of 
C of the remaining data DO in the initial frame 
signal received from the data deletion system 
220 (refer to Part (b) of Fig. 12). 

(c) Accordingly, down count logic unit 85 selects 
the next down-count value only during the high 
level of the clock enable signal CKE. Since the 
flip-flops 9-0 to 9-n of the down counter 280 
receive the clock signal CK (refer to Part (c) of 
Fig. 12), on the other hand, the down counter 
280 counts down the initial set value A (all "1s") 
by a number C corresponding to the number of 
clock pulses in the clock signal CK during the 
high level of the clock enable signal CKE, that 
is, perform a subtracting operation of (A - C) to 
find a deletion number B in the data deletion 
system. 

In other words, the down counter 280 directly 
counts down the received data number C from the 
output data number A find the unknown quantity B, 
whereby the subtracter in the prior art can be 
eliminated; while the initial value A is set in the 
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down counter to have bits of all "is", whereby the 
need of a circuit configuration for loading the initial 
value with respect to the down counter 280 can be 
eliminated and this initialization can be attained 
only by setting the down counter 280. 

Fig. 12 shows a modification of the circuit of 
Fig. 11, in which the initial-value setting operation 
of the down counter 280 is attained not by the set 
signal SET but by a reset signal RST. Accordingly, 
when the down counter 280 has its initial value, the 
respective bits X0 to Xn are all initialized to be all 

logical value "0". 

Meanwhile, the data input unit 270 raises the 
clock enable signal CKE to its high level only 
during a time corresponding to (a time during 
which the remainder data DO (C in bit number) in 
the initial frame signal received from the data dele- 
tion system 220 is present) plus (a duration cor- 
responding to one period of the clock signal), 
whereby the down count logic unit 85 performs its 
downcounting operation during a time period cor- 
responding to (C + 1 ) bits of data. 

Even in the present embodiment, the data out- 
put number setting circuit 250 is set to send the 
initial frame signal including the output point num- 
ber detection data DO' of A bits set to be all "1 ". 

In this case, the down counter 280 performs its 
downcounting operation from the initial value of "0" 
bits by a number (C + 1) corresponding to the 
number of clocks in the clock signal CK during the 
high level of the clock enable signal CKE, which 
results in that a subtracting operation of (A - C) is 
carried out to find the deletion number B in the 
data deletion system. This is because a value 
counted down by 1 from the initial set value of all 
"0" bits has bits of all "1 " and thus the counting 
down by (C + 1) from the initial set value means 
to count down the value C from the output data 
number A of all "1". 

The structure of Fig. 8 or Fig. 10 is not applied 
only to the system of Figs. 1 to 4 but also may be 
applied to such another arbitrary system that an A 
of input data is reduced by an unknown B (B < A) 
to output C(A - B) of data. 

Shown in Fig. 15 is a block diagram of an 
arrangement of a broken-line detection time setter 
340 in each of the nodes 10-1 to 10-N in a serial 
controller in accordance with another embodiment 
of the present invention. 

The broken-line detection time setter 340 of 
Fig. 15 comprises a synchronous code detecting 
circuit 341 for receiving the data frame signal from 
the previous stage of node or from the main con- 
troller 100, detecting a synchronous code (for ex- 
ample, the start code STI in Fig. 2) indicative of the 
head part of the input signal, and outputting a 
synchronous code detection signal A that is at its 
logical level "1 " for a time corresponding to one bit 
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length of data at the time of the detection; a delay 
circuit 342 for delaying the synchronous code de- 
tection signal A received from the synchronous 
code detection circuit 341 by a time corresponding 
to one bit of data and for outputting a clear signal 
B corresponding to the delayed synchronous code 
detection signal; a sampling time detecting counter 
343 for counting the number of pulses in the clock 
signal and for clearing its counted value whenever 
receiving the clear signal B; 5 of latch circuits 344 
to 348, when receiving the synchronous code de- 
tection signal A, for sequentially latching the count 
value of the sampling time detecting counter 343 to 
measure a time from the reception of the previous 
data frame signal to the reception of the next data 
frame signal 5 times consecutively; a judgement 
circuit 349 for judging the sampling time {which 
refers to the period of the data frame signal when 
viewed from the node side and which coincides 
with the transmission period of the initial frame 
signal issued from the main controller 100) of the 
frame signal on the basis of the time measured at 
the latch circuits 344 to 348 consecutively 5 times; 
a sampling time latch circuit 350 for latching the 
sampling time judged at the judgement circuit 349; 
a broken-line detection time setting circuit 351 for 
setting a broken-line detection time for detection of 
a broken state in the signal line between the asso- 
ciated node and the previous stage of node on the 
basis of the sampling time latched at the sampling 
time latch circuit 350; a broken-line detecting coun- 
ter 352 for counting the number of pulses in the 
clock signal and each time the counter 352 re- 
ceives the synchronous code detection signal A, 
clears its count value to measure a time from the 
reception of the previous data frame signal to the 
reception of the next data frame signal; and a 
comparison circuit 353 for sequentially comparing 
the broken-line detection time set at the broken-line 
detection time setting circuit 351 with the time 
measured at the broken-line detecting counter 352 
and when the measures time exceeds the broken- 
line detection time, for outputting a broken-line 
detection signal indicative of an occurrence of a 
broken line in the signal line upstream the asso- 
ciated node. 

With such an arrangement, it is assumed that a 
data frame signal FL having a predetermined regu- 
lar transmission period Ts as shown in Fig. 16 is 
applied to the synchronous code detection circuit 
341. Then, the synchronous code detection circuit 
341 detects, for example, the start code STI in the 
data frame signal FL at a time point tl, at a time 
point t3 after passage of the period Ts from the 
time point t1 and at a time point t5 after passage ol 
the period Ts from the time point t3 respectively 
and outputs a broken-line code detection signal 
which is raised to its logical level "1" for a time 
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point corresponding to one data bit at the respec- 
tive time points. Meanwhile, the delay circuit 342 
delays the broken-line code detection signal by the 
time point corresponding to one data bit and out- 

5 puts a clear signal B which is raised to the logical 
level "1" for the time corresponding to one data bit 
respectively at time points t2, t4 and t3 after pas- 
sage of the time of one data bit from the time 
points t1, t3 and t5. Accordingly, the latch circuits 

10 344 to 348 latch the count value of the sampling 
time detecting counter 343 immediately before 
cleared by the clear signal B, that is, the times Ts, 
Ts, Ts,...at the time points t1 , t3, t5,... respectively. 
The judgement circuit 349 receives 5 measured 

75 times latched at the latch circuits 344 to 348 and 
performs its sampling-time judging operation on 
the basis of these input measured times. This 
processing is considered to be carried out, for 
example, in the following manners. 

20 (1) One of the 5 measured times which is most 
frequently measured is determined as the sam- 
pling time. 

(2) Only when the same measured time is ob- 
tained 5 times, the measured time is determined 

25 as the sampling time. 

That is, in the case of Fig. 16, the time Ts 
measured most frequently (5 times) is determined 
as the sampling time in the method (1). Even in the 
method (2), in this case, since the same measured 

30 time (Ts) is obtained 5 times, the measured time 
Ts is determined as the sampling time. 

Thus, the sampling time latch circuit 350 
latches the measured time Ts, and the broken-line 
detection time setting circuit 351 multiplies the 

35 latch output Ts by a predetermined constant n 
(such as 4) to obtain a multiplication value 4Ts and 
sets the multiplication value 4Ts as a broken-line 
detection time. 

Therefore, while the broken-line detecting 

40 counter 352 outputs the measured time that is 
smaller than the value 4Ts (when a time from the 
reception of the previous frame signal FL to the 
reception of the next frame signal FL is smaller 
than a value 4T), the comparison circuit 353 will 

45 not output the broken-line detection signal. How- 
ever, when the broken-line detecting counter 352 
outputs the measured time that exceeds the value 
4Ts, the comparison circuit 353 outputs the 
broken-line detection signal indicative of the occur- 

50 rence of a broken line. The latter stage of circuit 
(not shown), in response to reception of the 
broken-line detection signal, performs operations 
including the output of the broken-line detection 
signal indicative of the occurrence of the broken 

55 line to the next node. However, this does not form 
the major subject of the present application and 
thus detailed explanation thereof is omitted. 

When a communication error or the like takes 

11 
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place, this might cause missing of a frame signal 
FL3 between the frame signals FL2 and FL4 
among frame signals FL1 to FL6 so that one of the 
periods between the five frame signals cannot be 
measured as the original period Ts as shown in 
Fig. 17. In other words, among the five latch cir- 
cuits, the four latch circuits 344, 345, 347 and 348 
can measure the period Ts but the latch circuit 346 
will measure a time Ts* (which is twice the period 
Ts) which is different from the period Ts due to the 
missing of the frame signal. 

Even when such missing of the frame signal 
takes place, the judgement circuit 349 performs the 
above operation (1), which results in that the count 
value Ts* is removed and the period Ts which 
corresponds to the measured time most frequently 
(4 times) measured is determined as the sampling 
time. 

After this, as in the above case, a broken-line 
detection time 4Ts is set in the broken-line detec- 
tion time setting circuit 351 so that, even after 
passage of 4Ts or more from the input of the 
previous frame signal, the comparison circuit 353 
outputs the broken- line detection signal only when 
the next frame signal is not input. 

Sometimes, concentrated missing of several 
frame signals takes place as shown in Fig. 18. That 
is, the frame signals FL1 to FL11 are originally 
supposed to be received at intervals of the period 
Ts, but a communication error or the like some- 
times causes the frame signals FL3, FL5, FL6, FL8 
and FL10 to be missed so that most of the periods 
between the frame signals cannot be measured as 
the period Ts. In this case, one 344 of the latch 
circuits 344 to 348 can measure the period Ts, but 
the other three latch circuits 345, 347 and 348 will 
measure the time Ts' (which is twice the period Ts) 
which is different from the period Ts and the latch 
circuit 346 will measure a time Ts" (which is 3 
times the period Ts). Therefore, the execution of 
the aforementioned operation (1) at the judgement 
circuit 349 results in that not the period Ts but the 
measured time Ts' which is most frequently (three 
times) measured is determined as the sampling 
time. 

For this reason, a very large broken-line detec- 
tion time 4Ts' (8Ts) is set in the broken-line detec- 
tion time setting circuit 351 so that the comparison 
circuit 353 outputs the broken-line detection signal 
first after passage of the broken-line detection time 
4Ts' that is twice the normal broken-line detection 
time 4Ts. This becomes a serious problem from 
the safety viewpoint in some systems to which this 
serial controller is applied. 

In order to prevent such a situations compari- 
son circuit 354 is provided between the judgement 
circuit 349 and the sampling time latch circuit 350 
in such a manner as shown in Fig. 19. 



More specifically, the comparison circuit 354 
judges whether or not the time judged in the cur- 
rent cycle at the sampling time latch circuit 349 is 
smaller than the time latched in the previous cycle 
5 at the sampling time latch circuit 350. Only when 
the time judged in the current cycle at the sam- 
pling time latch circuit 349 is smaller than the time 
latched in the previous cycle at the sampling time 
latch circuit 350, the content of the sampling time 
10 latch circuit 350 is updated by the time judged at 
the judgement circuit 349. On the contrary, if the 
time judged in the current cycle at the sampling 
time latch circuit 349 exceeds the time latched in 
the previous cycle at the sampling time latch circuit 
75 350, then the content of the sampling time latch 
circuit 350 is not updated and remains at the 
previously latched time. Accordingly, even when 
the previously latched time at the sampling time 
latch circuit 350 is the period Ts and several frame 
20 signals are frequently missing as shown in Fig. 18 
so that the output of the judgement circuit 349 
becomes the time Ts\ since a relation Ts' > Ts is 
satisfied, the comparison circuit 354 is operated to 
prevent the updating of the content of the sampling 
25 time latch circuit 350 and to maintain the content of 
the sampling time latch circuit 350 at the value Ts. 
As a result, the correct broken-line detection time 
4Ts can be set in the broken-line detection time 
setting circuit 351 and thus the safety of the sys- 
30 tern can be assured. 

As has been explained in the foregoing, in 
accordance with the foregoing embodiments, since 
the time from the reception of the previous frame 
signal to the reception of the next frame signal is 
35 measures consecutively 5 times and the broken- 
line detection time is variably set on the basis of 
these 5 measured time results, the optimum 
broken-line detection time can be sequentially and 
automatically set according to the actual system. 
40 As a result, troublesome setting of the broken-line 
detection time on a hardware basis and a trouble 
based on a setting error in the prior art can be 
eliminated in the present invention. Further, even 
when missing of frame signals frequently occurs 
45 and a time larger than the normal period of the 
frame signals is included in 5 measured time re- 
sults, the correct broken-line detection time can be 
variably set based on the right period obtained in 
the previous cycle, 
so Although the time from the reception of the 

previous frame signal to the reception of the next 
frame signal has been measured consecutively 5 
times and the broken-line detection time has been 
set on the basis of the 5 measured times in the 
55 foregoing embodiments, the present invention is 
not restricted to the specific example but such 
setting may be carried out on the basis of less than 
5 or more than 5 measured time results, as a 
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matter of course. In addition, the broken-line detec- 
tion time setting means is not limited to such an 
arrangement as shown in Fig. 15 or 19 but suitable 
other arrangement may be employed so long as it 
can perform a function equivalent to the above. 

Industrial Applicability: 

The present invention can be suitably em- 
ployed for a system for centralizedly controlling 
various types of machines such as presses, ma- 
chine tools, construction machines, ships and air- 
planes or for a system for centralizedly controlling 
unmanned transportation machines and unmanned 
storehouses. 

Claims 

1. A serial controller in which one or a plurality of 
sensors and one or a plurality of actuators are 
connected to each of a plurality of nodes con- 
nected in series, the plurality of nodes are 
connected to a main controller in the form of a 
closed loop including the main controller, the 
main controller sends a data frame signal con- 
taining a first special code, a second special 
code and output data to the actuators, each of 
the nodes adds data from the sensors con- 
nected to the associated node to behind the 
first special code, and output data to the ac- 
tuators connected to the associated node is 
extracted from behind the second special 
code, said main controller being characterized 
by comprising: 

transmission means, before transmitting 
the data frame signal, for transmitting an initial 
frame signal containing the first special code, 
the second special code and data for detection 
of the number of the actuators; 

terminal bit number detection means for 
detecting a total bit number of the sensors and 
a total bit number of the actuators on the basis 
of the initial frame signal received through the 
plurality of nodes; and 

control means for variably controlling a 
transmission interval of the data frame signal 
according to a detection value of the terminal 
bit number detection means. 

2. A serial controller in which one or a plurality of 
sensors and one or a plurality of actuators are 
connected to each of a plurality of nodes con- 
nected in series, the plurality of nodes are 
connected to a main controller in the form of a 
closed loop including the main controller, the 
main controller sends a data frame signal con- 
taining a first special code, a second special 
code and output data to the actuators, each of 



the nodes adds data from the sensors con- 
nected to the associated node to behind the 
first special code, and output data to the ac- 
tuators connected to the associated node is 

5 extracted from behind the second special 

code, said main controller being characterized 
by comprising: 

transmission means, before transmitting 
the data frame signal, for transmitting an initial 

10 frame signal containing the first special code, 

the second special code and data for detection 
of the number of the actuators; 

terminal bit number detection means for 
detecting a total bit number of the sensors and 

75 a total bit number of the actuators on the basis 

of the initial frame signal received through the 
plurality of nodes; and 

means for determining a data length of the 
output data to the actuators in the data frame 

20 signal on the basis of the total bit number of 

the actuators detected by the terminal bit num- 
ber detection means. 

3. A binary subtraction device for receiving a 
25 value A, counting down the value A by an 

unknown B (B < A) to obtain a count-down 
result C (= A - B) and then performing sub- 
tracting operation of the value A as a minuend 
and the count-down result C as a subtrahend 

30 to find the unknown B, said subtraction device 

being characterized by comprising: 

setting means for setting bits of the minu- 
end A to be all "1 " in logical value; and 

complement calculating means for setting 

35 the number of bits in the subtrahend C to be 

equal to the bit number of the value A, for 
finding 1's complement on the subtrahend C 
and for outputting an obtained complement 
value as a subtraction result (A - C) for finding 

40 the unknown B. 

4. In a data deletion system for deleting B (B < 
A) of data from A of input data and outputting 
C (= A - B) of data, a deletion number detec- 
ts tion device for finding the value B on the basis 

of the input data number A and the output data 
number C, being characterized by comprising: 
output data number setting means for set- 
ting bits of the output data number A to be all 

so "V in logical value; and 

a down counter, which has the same num- 
ber of bits as the value A and which bits are 
set to be all "1" in logical value in its initial 
state, for counting down the initial value by the 

55 input data number C to find the value B. 

5. In a data deletion system for deleting B (B < 
A) of data from A of input data and outputting 
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C (= A - B) of data, a deletion number detec- 
tion device for finding the value B on the basis 
of the input data number A and the output data 
number C, being characterized by comprising: 

output data number setting means for set- 
ting bits of the output data number A to be all 
"0" in logical value; and 

a down counter, which has the same num- 
ber of bits as the value A and which bits are 
set to be all "1" in logical value in its initial 
state, for counting down the initial value by a 
number corresponding to the input data num- 
ber C plus 1 to find the value B. 

A serial controller in which a plurality of nodes 
and a main controller are connected in series 
through a signal line to transmit a predeter- 
mined data frame signal from the main control- 
ler through the signal line to the plurality of 
nodes at a predetermined period in one direc- 
tion, and each of the plurality of nodes detects 
a broken line in the signal line upstream the 
associated node when failing to receive the 
data frame signal for a predetermined broken- 
line detection time or more, each of said node 
being characterized by comprising: 

measurement means for measuring a re- 
ception interval of the data frame signal; and 

broken-line detection time setting means 
for variably setting the broken-line detection 
time on the basis of a measured result of said 
measurement means. 

A serial controller in which a plurality of nodes 
and a main controller are connected in series 
through a signal line to transmit a predeter- 
mined data frame signal from the main control- 
ler through the signal line to the plurality of 
nodes at a predetermined period in one direc- 
tion, and each of the plurality of nodes detects 
a broken line in the signal line upstream the 
associated node when failing to receive the 
data frame signal for a predetermined broken- 
line detection time or more, each of said node 
being characterized by comprising: 

measurement means for measuring a re- 
ception interval of the data frame signal; 

selection means for receiving consecutive- 
ly a plurality of measured values of said mea- 
surement means and for selecting one of the 
plurality of measured values which is most 
frequently measured or when the plurality of 
measured values are all identical, for selecting 
the identical measured value; 

comparison means for comparing the 
previous-time selected result of said selection 
means with the this- time selected result and 
for selecting smaller one of the both results; 



and 

broken-line detection time setting means 
for variably setting the broken-line detection 
time on the basis of a comparison output of 
5 said comparison means. 
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